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1

Introduction

Large scale protein sequence searches for motifs which might indicate protein identities and/or functions has become important with the large number of unknown proteins revealed by genome sequencing. The primary criterion for using a given search method is that of eﬃcacy - minimization of the
number of false negative ‘misses’ and false positive ‘hits’. Criteria of simplicity and rapidity of use
are important but secondary. For highly degenerate motifs the only search methods widely employed
involve the use of Proﬁle analysis [2] or Hidden Markov Models (HMMs) [3]. The present work compares the eﬃcacy of the two methods using the example of searches for the degenerate 34-residue
tetratricopeptide repeat (TPR) motif [4]. Results obtained with a Proﬁle method, described below,
were compared with those given in the Pfam4.4 database, obtained using an HMM [1].

2

Method and Results

For the Proﬁle method a 20 × 34 Bayesian probability matrix Pij was constructed where each element
was log(fij /qi ) [5], fij being the relative frequency of occurence of each amino acid i at each of the 34
positions j in 462 known TPR sequences from 70 proteins and qi was the relative frequency of occurence
of each amino acid i in the SWISSPROT37 database (excluding N-terminal methionines). (Relative
frequencies could be equated with probabilities because of the large numbers of sequences used). Se
quences were searched using a 34-residue sliding window with each window scored as 34
j=1 Pij for the
corresponding amino acids. Scores were converted to expectations that they would be obtained by
chance using parameters obtained by scoring 100,000 pseudo-random 34-residue sequences in which,
on average overall, each amino acid appeared with frequency qi . A protein was considered to be a
TPR protein if it contained at least 2 non-overlapping sequences each with expectation e < 10−5 that
its score would not be obtained by chance in a protein of that length (equivalent to e < 2.10−7 for a
protein of 250 residues). The same sequence database (SWISSPROT37 plus SP-TREMBL9, obtainable as the ﬁle pfamseq.gz from ftp.sanger.ac.uk; information kindly provided by Dr. A. Bateman,
Sanger Institute, UK) was searched as that for the Pfam4.4 HMM search.
The Proﬁle search detected all but 4 of the 173 non-redundant TPR proteins found by the Pfam
HMM method, though 3 of these proteins only contain 1 TPR motif and thus would not be found
given the Proﬁle method’s cutoﬀ criterion of a minimum of 2 TPRs (they are tetratricopeptide repeat
motifs). The other protein (nucleoporin nup358, not previously reported as a TPR protein) may
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thus be a false negative for the Proﬁle search. On the other hand, the Proﬁle search detected 74
proteins that are known to contain TPRs (because they are named as such, they have been reported
as such in the literature or in the annotations in their database sequence entries or because they are
ortho/paralogs of known TPR proteins) not detected by the Pfam HMM, and are thus false negatives
for the HMM method. The Proﬁle search also detected a further set of 90 sequences not so far known
to contain TPRs (20 of these were ortho/paralogs of others in the set). Most of these sequences
were for hypothetical proteins and further investigation of their homologies are required to determine
whether or not they are true positives. Nevertheless, false negatives are more troublesome than false
positives because, by deﬁnition, they remain unseen following a search and thus cannot be checked
later. The question is thus posed whether the 74 true positives found by the Proﬁle but not by the
HMM is due to the large diﬀerence between the number of sequences used to construct the Proﬁle
(462) versus those to seed the HMM (29), to diﬀerences in cutoﬀ scores or to the methods themselves.
One advantage, however, of seeding with a large number of sequences is that if some have wrongly
been reported to be, in this case, TPRs then their eﬀects on the scoring matrix are diluted out.

3

Conclusions

The Proﬁle method does have the advantage that all the calculations are transparent, as opposed
to the HMM’s ‘black box’ approach, but the HMM method is clearly superior in terms of simplicity
and rapidity of parametising a search - it trains itself once the seed is provided. It remains that, for
degenerate motifs, the Proﬁle method compares extremely favourably with the HMM method in terms
of the primary criterion, eﬃcacy, according to this example. It is thus suggested that, until conclusive
evidence is obtained, Proﬁle searches should at least accompany HMM searches for such degenerate
motifs.
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